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Summary 



The advent of digital radio broadcasting provides the broadcaster with the opportunity to convey a 
variety of data types, to considerably enhance a basic audio service. Analogue FM broadcasts 
already benefit from a variety of features from the Radio Data System (RDS), but while RDS uses an 
additional carrier to convey this digital data, the emerging all-digital services such as Eureka DAB, 
Inmarsat IDDS and WorldSpace, have the potential to integrate all the various data types into a 
single channel. 

By the use of digital image compression standards like JPEG, it is now possible to go further: the 
introduction of a radio service with still pictures. Such a service is currently called 'Radio with 
Pictures' (RWP) and is applicable to both terrestrial and satellite delivery systems. 

A demonstration of the RWP concept was created, based on an edition of the BBC World satellite 
channel 's news programme, 'The World Today '. To achieve this, a selection of representative video 
frames were grabbed from the full motion video, and synchronised so that their presentation 
coincided with the appropriate points in the original audio. 

The demonstration was carried out in order to investigate whether a possible RWP system could be 
successfully implemented from a production point of view, and also to assess the applicability of 
such a service. The actual demonstration programme was therefore carried over an Inmarsat IDDS 
satellite link, to fully demonstrate the entire process from programme production to reception. 

As there is currently no dedicated RWP production equipment, the process of creating an RWP 
programme is very time consuming. In particular, the audio video synchronisation is critical as each 
still frame must be timecoded to an accuracy of about one second or better relative to the audio 
track. This requires repeated reviewing of the RWP programme and small changes to the picture 
timing points. For these reasons it took an entire day to assemble a fifteen minute RWP programme 
to an acceptable standard. 

The demonstration showed the feasibility of an RWP service were it to be introduced on a Digital 
Audio Broadcasting (DAB) network. The difficulties of producing a fast news service using an RWP 
system from a television source were also stated, and ways and means for reducing the editing effort 
were devised. But it is clearly stated in this Report that new editing hardware and software, 
specifically designed for RWP operations, must be developed if success is to be assured for this type 
of service. 
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RADIO WITH PICTURES - A NEW MEDIUM 

R.H. Evans, B.Sc.(Hons) 



1. INTRODUCTION 

The advent of digital radio services provides the 
broadcaster with the opportunity to convey a variety of 
data types to considerably enhance a basic audio 
service. Analogue FM broadcasts already benefit from 
the Radio Data System (RDS) to convey amongst 
other things: the name of the selected station, 
alternative frequencies, and time of day. While RDS 
uses an additional carrier to convey this digital data, 
the emerging all-digital services (Eureka DAB 1 ' 2 , 
Inmarsat IDDS and WorldSpace, for example) have 
the potential to integrate all the various data types into 
a single channel. 

Of the many possible applications which could be 
supported by these new data services, a picture 
channel to accompany the audio is seen as a very 
attractive proposition. The picture component need 
only require a small proportion of the overall bit-rate, 
but can provide a great benefit to a variety of 
programme types, especially news programmes, where 
the addition of pictures creates a programme similar in 
style to a printed magazine. 

The BBC World Service is considering providing an 
up-to-date news service to an international audience 
via a satellite channel. In conjunction with the 
INMARSAT organisation, a fifteen minute Radio with 
Pictures (RWP) news programme was therefore 
produced and broadcast via satellite as part of a formal 
demonstration to invited guests. This gave BBC R&D 
the opportunity to investigate the practicalities 



involved in all stages of the creation of an RWP 
programme. 

Radio with Pictures has also stimulated much interest 
from national and international radio broadcasters 
involved with the development of Eureka 147 DAB. It 
is seen as not simply a rugged audio delivery system 
to replace FM, but as a means to take radio broadcast- 
ing a stage further by incorporating a whole host of 
multimedia services, especially pictures and text. 

This Report examines the benefits and implications of a 
Radio with Pictures service, and the problems of 
broadcasting both pictures and text over a digital radio 
channel. 



2. SYSTEM OUTLINE 

Radio With Pictures is a new type of multimedia 
service, where the programme uses not just audio, but 
also still pictures and text. The text and pictures are in- 
tended to supplement the audio so that those receivers 
unable to take advantage of the RWP feature can still 
operate normally. It is envisaged that, in the future, a 
choice of digital radio receivers would be available 
ranging from audio only, through simple text pro- 
vision, to full colour receivers with large memories 
(possibly PC based). (Fig. 1). 

As a first step in investigating the possibilities of 
RWP, it is worth getting an approximate idea of the 
quality of service that can be achieved over an existing 




Fig. 1 - A Radio with Pictures news programme being demonstrated on a multimedia PC. 
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digital radio channel. Because the RWP system is 
intended to supplement existing audio services it must 
not require an excessive amount of resources. It is 
therefore necessary to carefully consider the require- 
ments in order to maximise its effectiveness. While 
the pictures add appreciably to the information content 
of the programme, it is very important that the audio 
should still be valid on its own. 

2.1 Requirements 

When a picture channel accompanies an audio 
channel, there are several issues to be considered: 

• picture quality 

• picture update rate 

• channel capacity requirement 

• audio - picture - text synchronisation 

The first three requirements are closely interrelated; 
the higher the picture quality the greater the channel 
capacity required to transmit it; whereas reducing the 
channel capacity requirements also reduces the picture 
update rate. Clearly, a realistic solution will require a 
compromise. 

2.2 Basic parameters 

From practical experiments, the picture update rate for 
a news programme appears to be around 3-10 seconds 
between pictures. Because each picture is carefully 
chosen, it will have a greater value than would a 
randomly-chosen frame of video. 

The approximate bit-rates required, for broadcast 
quality compressed audio, range from about 64 kbit/s 
for a mono speech channel, to 192 kbit/s for a 'high 
quality' stereo music channel. It can therefore be 
assumed that if the picture channel was perhaps 
allocated 10% of this, then the picture channel 
capacity would be approximately 10 - 20 kbit/s. 



Therefore, given the constraints of an average 7 
seconds update rate between pictures and a 15 kbit/s 
channel, pictures of around 100 kbits could be 
transmitted. Image compression techniques can 
achieve reasonable-quality pictures at this bit-rate. 
Obviously, better quality pictures can be transmitted at 
a faster update rate, but this would require more 
channel capacity. 

From the basis of these figures, it can be seen that an 
RWP production can easily be compiled and sub- 
sequently played out from a desktop computer. The 
flexibility of a PC allows compatibility with other 
media systems resulting in lower costs. 

Fig. 2 illustrates some of the various bit-rates being 
considered for audio services, including one possibility 
for an RWP service. 



2.3 Radio with pictures transmission method 

The RWP concept is not tied to any particular delivery 
system and is therefore equally applicable to both 
terrestrial and satellite broadcasting. The two main 
candidates for carrying an RWP service are Eureka 
147 DAB (terrestrial or satellite broadcasting) and 
Inmarsat HDDS (satellite delivery for specialist services). 

2.4 Eureka 147 

The DAB system, with a user bit-rate of approxi- 
mately 1.2Mbit/s per multiplex, is an obvious 
candidate for multimedia. Some work has already 
been carried out to investigate the possibility of still 
and moving pictures via DAB, notably by Bosch. 
Other organisations such as Philips, Institut fiir Rund- 
funktechnik (IRT), and Fraunhofer-Institut (FhG) have 
investigated a variety of non-audio data (Interactive 
Text, Electronic Newspaper, etc.) carried over DAB. 

Currently non-audio data is conveyed most easily using 
the X-PAD (variable length Programme Associated 
Data) found near the end of the DAB subchannel. 
Because the X-PAD is only one component of the 
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Fig. 2 - Examples of various bit-rates for digital audio services. 
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subchannel, it must vie for the capacity with the audio 
data. Any reduction in the data capacity available for 
the audio channel will lead to a degradation in the 
audio quality; but as the most picture-intensive appli- 
cations will probably be speech-based news 
programmes, this may not be such a problem. 

Work is currently underway amongst the Eureka 
consortium to standardise the method of carrying a 
wide variety of multimedia data types both in X-PAD 
and in packet mode sub-channels. The data types 
being considered include MPEG audio, MPEG video, 
ASCII, HTML and GIF 3 . 

2.5 Inmarsat IDDS 

The Inmarsat organisation has recently proposed the 
IDDS (Inmarsat Data Distribution Service) described 
as 'a general purpose digital point- to-multipoint trans- 
mission signal format, to facilitate the delivery of 
digital information to mobile earth station terminals 
using the Inmarsat constellation'. 

This general purpose data transport system can be con- 
figured to carry whatever form of data is required. The 
service would provide a total bit-rate of around 
70 kbit/s which could include speech quality audio, 
bit-rate-reduced pictures and text. One possible 
application which has been considered would be the 
transmission of a news programme to international 
subscribers. 



3. THE PROGRAMME COMPONENTS 

The RWP programme is assembled from a combina- 
tion of audio, text and still pictures. 

3.1 The still pictures 

A carefully selected still frame derived from a stand- 
ard colour television picture can convey a lot of 
information, either as a photograph-like image or as an 
electronic graphic. A full television frame (ITU 
Rec. 656) requires around 6 Mbits per picture. Using 
image compression techniques however, the data 
requirement can be reduced by any amount, but with a 
corresponding loss of quality. Of the various com- 
pression techniques available today, JPEG* is 
probably the best general purpose method and has 
much support worldwide. 



3.2 JPEG compression 

The data requirement for a JPEG-compressed picture 4 
depends on a quality factor specified during the coding 

* Joint Photographic Experts Group. 



process, and also on the complexity or detail of the 
picture being coded. For a given quality factor (or 
'Q'), the variation in data requirement for most real 
life pictures is around 3:1. 

Whatever compression technique is chosen, reduction 
in quality is inevitable, and the final data-rate versus 
picture size/quality will obviously be defined at a later 
date. Of course, the image quality needs to be appro- 
priate for the display device, and it is anticipated that 
this could well be a low-cost LCD or similar screen, of 
approximately 12 x 9 cm or smaller. The picture for- 
mat used in the demonstration was a non standard 
488 pixels x 370 lines. For an RWP application on 
such a screen, a good compromise between data 
requirement and quality appeared to be approximately 
100 - 200 kbits (for a JPEG compressed picture). 

3.3 Picture quality v compression 

JPEG image compression is a flexible scheme for cod- 
ing pictures to a variety of bit-rates, depending on the 
'Q factor' used during the compression process. For a 
given picture, the lower the Q, the lower the quality of 
the compressed image - although this is not a linear 
relationship. This gives two possible extremes in the 
approach to JPEG compression:- 

• Fixed Q By fixing the Q factor the resulting 
file size increases with increasing source-im- 
age complexity. This allows a constant quality 
of image, but because complex images will 
not compress as much, they may take three 
times longer (or more) to transmit than would 
a simple picture. 

• Fixing the compressed image file size For 

a given fixed target-file size, the quality of the 
compressed image decreases with increasing 
source-image complexity. Fixing the target- 
file size guarantees a maximum time to 
transmit an image. For example, compressing 
all images to 80,000 bits means that for a 
9,600 baud channel, the image will always 
take 8.33 seconds to transmit. However, the 
more complex images may suffer greatly if 
compressed to a file size that is too low. 

In practice, the best solution would probably be a 
compromise, laying between the extremes of having a 
fixed Q and that of a fixed compressed file size. 

The effect of JPEG coding and decoding is to 
introduce small errors into the reconstructed picture. 
These errors are generally hidden in real-world 
pictures (which usually contain a wide variety of 
detail), but create identifiable artefacts in simple 
graphics, or logos, with large uniformly-coloured 
areas. A variety of compression methods is therefore 
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required (GIF, bitmap etc.) to minimise the time 
required to transmit them, and yet retain the maximum 
image quality in all cases. 



3.4 The text feature 

Text can enhance the RWP service by providing sub- 
title-like captions to reinforce the audio, and is 
particularly useful for news headlines, presenters' 
names, telephone numbers, etc. Most pictures have an 
interest level of only a few seconds, but the addition of 
a single line of text can increase this time. The re- 
quired data rate for a subtitle type text channel is 
around 200 bit/sec, so it has a high benefit-to-cost ratio. 

Apart from the subtitle feature, a text facility also 
provides the broadcaster with the possibility of trans- 
mitting large amounts of textual information as an 
electronic magazine - a radio version of teletext. This 
could take the form of radio/TV programmes' listings 
- in a magazine-style format over the air, with high 
quality pictures; or it could provide an electronic 
magazine for a third party. There is the additional 
benefit for the hard of hearing. The text feature was 
not incorporated into the demonstration. 



3.5 Audio 

Currently the choice of audio coding for bit-rate 
reduced applications is usually between MPEG 
Layer II (as used in Eureka 147 DAB) or Layer III. 
However, irrespective of the coding system employed 
for the broadcasting, for the best results, the editing of 
the audio must be performed on the actual audio 
samples. As the editing and play-out of the audio is 
intended to be from a PC, a commonly used PC 
industry audio format was adopted. The WAVE for- 
mat can handle all audio sampling rates, a variety of 
sampling widths (number of bits per sample), and can 
cope with mono or stereo channels (WAVE format 
files are suffixed '.WAV'). 



3.6 Synchronisation of the multimedia 
components 

In any multimedia presentation, the synchronisation 
between the various components is vital. In the case of 
an RWP service, it was found that the timing between 
audio and the video needs to be accurate to about one 
second or better. It is particularly important at the 
handover point between speakers, when the voice 
must match the person shown on the screen. There are 
two aspects to multimedia synchronisation. The first is 
that each of the events must be cued to begin at the 
desired time, while the second aspect is ensuring that 
the receiver maintains the timing relationship when 
presenting the multimedia. 



In the current system, the cueing of each event is con- 
trolled from a schedule file containing each start time. 
For simplicity, the audio is contained in one large file 
and begins at time 00:00, while the individual pictures 
and text are cued relative to this. For example: 



# Monday 10th July 


1995 




# The World Today 
it 






ft 

# Opening titles 






audio 


monday.wav 


@ 00:00 


image 


bbcworld.jpg 


@ 00:02 


text SUBTITLE 


opening1.txt 


@ 00:04 


image 


boat.jpg 


@ 00:10 


text SUBTITLE 


Greenp.txt 


@ 00:16 


image 


mapl .jpg 


@ 00:29 



4. PRODUCTION REQUIREMENTS 

There are clearly several ways of producing an RWP 
news programme from scratch; but given the com- 
prehensive production facilities for BBC television 
and radio news, it makes sense not to duplicate this 
convenient abundance of services, but to convert an 
existing news output to the RWP requirements. Tele- 
vision news already contains video news reports, still 
photographs, electronic graphics of maps, graphs and 
montages etc.; thereby providing most, if not all, of 
the source material required. 

For the RWP demonstration, an existing television 
news programme was adapted - this is illustrated in 
Fig. 3. It is possible that an actual RWP service would 
follow similar lines; though television need not be the 
only source of input material, and additional pictures 
are available from a variety of sources such as a picture 
library, graphical artist or specially shot photographs. 

4.1 Still image requirements 

Obtaining suitable images for use in an RWP 
programme is not a simple operation. In order to keep 
the 'viewer' interested with frequent picture updates, a 
large number of pictures are required; for a 30 minute 
programme with an average of 7 seconds between 
stills, there would be a requirement for over 250 
pictures! Some stills will undoubtedly be repeated - 
for example, default shots of the news readers or 
programme title graphics. A 30 minute television 
programme potentially contains 45,000 still frames. 
Nevertheless, finding perhaps 200 different and appro- 
priate images is still a daunting task, for many reasons. 
Experience has shown that a good still image must 
satisfy all the following points: 

• Relevant 

Clearly essential; but it must also be appropri- 
ate to the tone of the news story. 
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Fig. 3 - Converting a television programme to RWP format. 



• Sufficiently different 

Variety is required if the users' interest is to 
be maintained. For each news item, a large pro- 
portion of the shots are too similar - 
particularly those of news readers or reporters. 
A total of 5 minutes of newsreader footage 
provides only one still frame. This is true 
whether the newsreader is in the studio or in 
the heat of the battle. The same principle applies 
to all other shots: if the shot does not change 
significantly it is only worth one still picture. 

• Artistically correct 

Pictures must be well exposed, in focus, and 
not obscured. The movement in a normal tele- 
vision scene is very important and can often 
compensate for what would otherwise be a poor 
quality image. However, when a still frame is 
extracted and viewed in isolation it is only the 
artistic quality of that chosen frame which 
remains. This may mean that a once- 
newsworthy clip becomes an indistinct still 
picture of little merit. The best still images 
have plenty of contrast with good separation 
of foreground and background - in fact, just 
like studio shots. 

• Attractive 

Many grabbed stills of people moving and 
speaking (like newsreaders) appear very unflat- 
tering; for example, their eyes may be half 
closed in mid-blink, producing a drunken 
appearance. It was found that only around 1 in 
every 10 frames of newsreader footage was 
likely to be suitable for use as a still image. 

• Accurate movement portrayal 

Still frames obtained from video footage of a 
moving subject can create several problems. 
The still must represent the movement appro- 
priately, and while a blurring of the subject 
can give a strong impression of movement, 
certain details must remain - a blurred limb is 
acceptable, while a blurred head is usually 
not. Modern CCD video cameras can produce 
excellent sharp stills when following a moving 
subject; however, there may be a problem 
with the subject moving between successive 
fields. Being 20 ms apart in time the two 
fields may not be able to be combined 
successfully to generate a single frame. If the 
image is to be converted to a much lower 
resolution then it may not be important, as one 
field can simply be discarded. 

5. THE INMARSAT DEMONSTRATION 

In mid-July 1995, a demonstration of RWP via the 
Inmarsat Data Distribution Service (IDDS) was held at 



Inmarsat's premises, to show the potential of a fully- 
implemented IDDS system for carrying such a news 
service. 

A news programme (lasting 15 minutes) gave a good 
impression of the possibilities of RWP. 

By preparing the demonstration material late in the pre- 
vious week (three days earlier), and using news events 
which occurred on that day, a reasonably up-to-date 
demonstration was produced. Apart from providing 
the demonstration material, the work highlighted some 
of the production problems that would be faced by a 
broadcaster in providing a service using this new medium. 

The programme data (held on computer at Inmarsat's 
premises) was transmitted via landline to the British 
Telecom Ground Station at Goonhilly, Cornwall, then 
uplinked to an Inmarsat satellite and received back in 
London on a prototype receiver, thereby demonstrat- 
ing the entire broadcasting process. This prototype 
receiver was based on a PC, which provided the proc- 
essing power and display. 

As stated in Section 1, the demonstration used mate- 
rial from the 'BBC World' satellite channel's 'The 
World Today' as the basis for the programme. The 
original audio track was used largely unedited, while 
selections of still images were grabbed off video tape 
and converted to the bit-rate-reduced JPEG format. In 
addition to the grabbed video frames, other images 
were also required to be included in the demonstra- 
tion. Photographic prints had been digitised via a 
desktop scanner the previous day, and an electroni- 
cally-generated logo was also included. Both the RWP 
programme elements were cued from a schedule file 
as described in Section 3.6. Fig. 3 illustrates the tele- 
vision-to-RWP conversion process. 



6. OPTIMISING THE PRODUCTION 
PROCESS 

By its very nature, a news service needs to be 
produced quickly. This clearly spells out the need to 
develop dedicated equipment and software for this to 
be achievable. The current lack of dedicated software 
meant that the 15 -minute RWP demonstration 
programme took 9 hours to produce. 

6.1 Production tools 

The tools required to produce an RWP programme fall 
into two types: those required for the preparation of 
the source material, and those required for the editing 
of the programme. 

If the RWP programme is to be of the same duration as 
the source television news programme, then the process 
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is relatively simple. Editing down to a shorter running 
time is far more difficult; here, editorial judgement 
concerning news values has to be of a high standard. 



6.2 Video editing 

The RWP programme will probably be compiled and 
played out from hard disk. If the final pictures are to 
be transmitted in a compressed format, then there is 
little point in recording them at full bit-rate. This 
allows non-linear editing (NLE) machines to provide 
much of what is required. 

The use of NLE machines enables direct recording to 
disk, fast spooling and shuttling between frames, 
and simple frame selection. (During the preparation of 
the Inmarsat demonstration material, the task of spool- 
ing to the required tape location and identifying the 
appropriate still frame, took approximately one minute 
per frame - around 2 l /i hours for a 150 frame 
(30 minute) programme.) NLE systems provide all the 
recording, compression and frameselection tools re- 
quired, and enough disk storage for a half hour 
programme; but this is achieved at a present-day 
(1996) price of around £40,000. 

The real-time JPEG compression used in NLE 
systems also gives the picture editor the ability to 
view the pictures in their compressed form before they 
are grabbed. 

One of the problems with NLE systems, or video disk 
recorders in general, is that the video is usually 
recorded as one very large file, which makes it 
difficult to isolate individual frames. Any prospective 
disk-based editing system used for RWP recording or 
editing, or both, should satisfy the requirement for 



being able to generate a separate file for each of the 
selected still frames. 

A simpler and more cost-effective solution to an NLE 
system might be to create some custom software to 
perform only the essential functions required for the 
RWP production process. Such a system is illustrated 
in Fig. 4. 

6.3 Picture format conversion 

If the receiver's display is small (which is quite likely, 
given cost restraints), then a display format conversion 
may be required. The Inmarsat proposed format of 
488 pixels x 370 lines is non-standard and so conver- 
sion from the standard television formats (Rec. 656) is 
required. 



7. AUTOMATING THE RWP PRODUCTION 
PROCESS 

As RWP is designed to be an additional service there 
is an obvious requirement to create an RWP 
programme at a minimum cost and the question arises 
as to whether much of the process can be automated. 
There are several possible levels of automation. 

7.1 Simple automatic operation 

It is conceivable that a fully- automated system could 
be created which grabbed one frame every seven 
seconds, irrespective of the merit of that frame. 
However, a great deal of artistic and editorial judge- 
ment is required for selecting the best still images 
from full motion video and it is highly unlikely that 
this would produce a satisfactory result. 




Fig. 4 - Picture selection and synchronisation on programme- editing computer. 
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7.2 'Smart' automatic operation 

An improvement on the regular sampling of the 
automatic operation would be to use some means of 
video analysis to identify key frames. Researchers at 
AT&T Bell labs have carried out an investigation 5 into 
content-based sampling to identify the important 
frames from a sequence of full motion video. The 
original application was to enable a summary of the 
television programme to be produced for archiving or 
printing or networked multimedia presentations. Text 
derived from closed captioning would accompany the 
video stills. Evidently the content-based sampling 
technique would be very useful for an automated RWP 
production if it were to provide appropriate selections 
of frames. 



7.3 Semi-automatic operation 

A compromise solution would be for an operator to 
view the incoming material live, and then press a 
'grab' button when an appropriate shot was seen. The 
picture would be automatically grabbed and receive a 
time-code which correctly related it to the audio 
without any further operator input. This would 
probably yield better results than the fully-automated 
method, especially if the operator had a previewing 
facility (that is, the ability to view scenes on either 
side of a short video delay). This would eliminate the 
hopelessly inferior selections of the simple automatic 
method described above, but undoubtedly continue to 
produce many inappropriate pictures. A semi-automatic 
approach would provide a fast news service at low 
cost, but the results would certainly lack the depend- 
able quality of a fully-manual postproduction editing 
method; careful shuttling of recorded pictures is 
required if consistent choices of relevant, as well as 
quality images, are to be realised. 



8. DATA STORAGE REQUIREMENTS 

8.1 Audio storage 

Audio data, after coding to 64 kbit/s, requires 480 kbytes 
per minute of transmission; so a half hour programme 
would require only 13.7 Mbytes of storage capacity. 
Even audio at 192 kbit/s requires under 50 Mbytes of 
storage per half hour, which is easily achieved on a 
computer (PC) hard drive. 

Techniques for editing coded audio are currently being 
developed, and so there will hopefully be no require- 
ment to store the raw audio data. 

8.2 Picture storage 

Storing the images required for the programme requires 



much less capacity than for the audio data. For 
example: if the programme requires 200 different 
images that are JPEG-compressed to 160 kbits 
(20 kbytes) each, then the total storage capacity will 
only be 4 Mbytes. 

Even a large image library can be held locally; this 
could readily be created by storing pre-compressed 
images on to hard disk - to be called up as required. 
For JPEG-compressed image files of 160 kbits each, 
50,000 such images could be conveniently stored on a 
1 Gbyte hard drive on a standard modern PC. In the 
future, even greater disk capacities can be expected. 



9. RECEIVER OPTIONS 

Picture transmission is likely to take many seconds 
(possibly more than 10 seconds): some form of buffer 
memory is therefore needed in a receiver so that the 
current image can be held on display while the incoming 
image is received and decompressed. If the receiver 
has only a small input buffer, it may at times be 
necessary to limit either the throughput rate or the 
quality of pictures, when a rapid rate of picture up- 
dating would be preferred. 

With the benefit of larger receiver input buffers (and 
knowing the file size of each picture to be transmitted) 
it is a simple matter to calculate when to start sending 
each picture, so that all pictures are received on time 
with maximum quality and with no wasted channel 
capacity. This would cater for pictures of varying file 
size (picture complexity), but would require a 
pre-knowledge of the size of the next few pictures to 
be sent, so that any particularly large files could be 
accommodated. Memory is cheap, and a 1 Mbit RAM 
is able to store around 5 to 10 compressed images. 
While large receiver buffers place a restriction on live 
audio, there is the benefit that at certain times the dis- 
played pictures can be updated frequently (that is, 
every 3 seconds or faster). Labelling each picture with 
a unique identifying code would enable the receiver to 
display the required picture on command. This allows 
the possibility of live programming. 

A large receiver memory would also enable the 
broadcaster to send pictures well in advance, and 
then call up the required pictures from the receiver's 
memory on demand, using a cue code sent out by the 
vision-mixer operator in the studio. The pictures 
would therefore appear instantaneously and so allow 
live news reports or interviews. However, some con- 
sideration must be given to the viewer who tunes in 
late and so must wait until a new batch of pictures is 
transmitted. In such a case, perhaps a default picture or 
caption could be displayed until the new pictures are 
received. 
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9.1 PC receiver 

The RWP receiver would have much in common with 
a PC, containing, as it does, a display, picture 
decoder/processor and memory. A high-end receiver 
could therefore be realised in the form of an add-on 
PC card. This has the advantage of a large disk 
memory which would make an ideal 'RWP video 
recorder' . Certain programmes could be automatically 
recorded to disk, and once saved would allow an on- 
demand news programme, with the ability to filter out 
unwanted items. Other possibilities include overnight 
downloading of programmes for education. 



10. COSTS 



10.1 Production cost 

As described in Section 7, it is theoretically possible to 
generate an RWP programme by automatically grab- 
bing frames of video from a completed television 
news programme and combining them with a delayed 
version of the original audio. However, while this is 
undoubtedly the cheapest solution, it is unlikely to 
provide satisfactory results. 

For a professional RWP presentation, multimedia 
hardware and software is required and this will be 
more expensive; but once the appropriate facilites 
have been acquired, a full RWP service could be pro- 
vided with minimal staffing requirements. 

10.2 Receiver cost 

While digital broadcasting has just begun with Eureka 
147 DAB, the cost of receivers is currently out of the 
price range of most of the general public. However, 
with the standardisation of Eu-147 and its uptake by 
so many broadcasters worldwide, DAB receiver prices 
are bound to fall dramatically. The addition of a 
display for RWP compatibility would undoubtedly in- 
crease the price, but not necessarily by a vast amount. 
Small screen displays based on various flat screen tech- 
nologies are already incorporated into consumer items 
such as portable computers, camcorders and mini tele- 
visions (costing less than £100). Alternatively, a DAB 
receiver-to-PC add-on product could provide the 
required functions (and more) at very low cost. 



11. FURTHER APPLICATIONS 

While this Report has concentrated mainly on devel- 
oping a news programme using the Radio with 
Pictures format, there are of course many other appli- 
cations that would benefit from the addition of 
pictures and text. 



Today's popular music programmes could use the 
non-audio data channel to carry current pictures of the 
station's presenter, along with: pictures of the 
performers, text giving details of the album, or details 
of the tracks to follow. This type of application would 
probably require far less stringent timing constraints, 
allowing the pictures to be issued in a more leisurely 
ad-hoc manner, and on some programmes could 
possibly become part of the presenter's responsibility. 

Taking a broader view, if satellite DAB becomes a 
reality, then RWP becomes the ideal format for inter- 
national broadcasting because of its high information 
content and low cost to the broadcaster. In this case, 
educational programmes, and particularly language 
programmes would benefit considerably from the non- 
audio components. 



12. CONCLUSIONS 

The addition of pictures and text to a standard radio 
service can greatly increase its appeal, and shows 
much potential for the future. Using JPEG image com- 
pression techniques allows reasonable quality pictures 
to be conveyed at a useful update rate while using only 
a small fraction of the channel's overall capacity. 
Typically using just 10% of a high quality DAB chan- 
nel would allow a 150 kbit picture to be sent every 
seven seconds. An RWP programme can therefore 
provide a great benefit in terms of information carried 
while requiring only a very small bandwidth. 

Although Radio with Pictures could be considered to 
be a low bit-rate television service, at this stage it is 
really a new medium. It could be seen as simply an 
extension of radio with the added appeal of pictures, 
or it could find applications without audio as an 
electronic magazine - i.e. Teletext for radio. 

Of the various possible broadcasting applications, 
current interest lies with Eureka- 147 DAB for general 
broadcasting, and possibly with the Inmarsat IDDS for 
specialist applications. While news is an obvious ap- 
plication for the RWP medium, other key areas would 
be education and electronic programme guides. 

It has been demonstrated that a full RWP news service 
can be provided at little extra cost to the television 
broadcaster, by converting a television news pro- 
gramme to the Radio with Pictures format. Such a 
conversion was carried out using an edition of the 
BBC international news programme 'The World 
Today' and the result was very successful. The dem- 
onstration material has been preserved on a 
multimedia PC for future demonstrations. 

The DAB services, now commenced in the UK and 
being extended from the London area to the rest of the 
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country, offer a considerable incentive to add extra 
data channels like RWP; so the time is now ripe for 
the development of such a system. Additionally, as 
this Report indicates, existing multimedia equipment 
is ill-suited to producing an RWP programme, and 
more effort is necessary to develop the specific tools if 
broadcasters are to produce high-grade RWP 
programmes efficiently. 
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